Harvesting of white hop shoots might be reasonable if they can be shown to be beneficial to human health. The aim of the present study was to determine the effects of hop cultivars and year to production, total phenolics, antioxidant potential, microelements and pesticide residues. Biomass per plant was highly variable across the cultivars (3.1-7.1 g dry mass (dm)/plant) and depended on hop cultivar and year (2009)(2010)(2011). Total phenolics varied from 0.60 mg to 1.80 mg chlorogenic acid equivalents (CAE)/g dm, and showed significant effects across hop cultivar and year. The radical scavenging activities ranged from 11 µg to 19 µg CAE (2010)(2011)(2012). Ferric reducing activity (k) was <0.01, with significantly different effects across hop cultivars (pC ≤0.05) and year (py ≤0.05) in 2012.
INTRODUCTION
Hop (Humulus lupulus L.; Cannabinaceae) is a perennial plant that is cultivated almost exclusively for its secondary metabolites. As well as the well-known alpha acids and beta acids in the hop cones that are used in the production of beer for their characteristic bitterness and aroma, other hop components are receiving more attention as antioxidants and potential antibacterial, antiviral and anticancer agents (1, 2) .
In culinary circles, the young spring shoots are eaten like asparagus (3) . Early in the spring, from 15 to 40 buds appear on the hop root systems. These grow rapidly and develop into the hop shoots. When they emerge from the soil, they become green. Only four to 10 shoots per plant are then used for hop growing, and the rest are removed and represent a waste during hop growing.
However, when they are approximately 30 cm long, they can be regarded as the most expensive vegetable in the world. Their high price results from the few days available for their collection, and their laborious harvest (3) .
These white hop shoots are collected before they emerge from the soil. At this stage, they are still fragile and are less bitter and not tough, but they have to be dug out of the soil manually.
Traditionally, in Slovenia this is performed before the regular agro-technical procedure for pruning (cutting) of the top of the hop root system, which is carried out in April.
The world hop production has been in decline for several years, although only recently an increase has been observed (4) . The production of hops in Slovenia covers 1667 ha and represents about 3 % of the global hop area (4) . According to the same source, hop production for 2018 was estimated at around 2900 million tonnes.
Harvesting of white hop shoots might be reasonable for small hop growers if these white hop shoots can be shown to be beneficial to human health. In-vitro investigations of hop cones and hop leaves have demonstrated the antioxidant and antimicrobial potential of phenolics extracted from of five hop cultivars grown in Slovenia, Austria, Germany and the Czech Republic (1) . To date, to the best of our knowledge, the literature contains only one study on these shoots of the wild hop, in terms Please note that this is an unedited version of the manuscript that has been accepted for publication. This version will undergo copyediting and typesetting before its final form for publication. We are providing this version as a service to our readers. The published version will differ from this one as a result of linguistic and technical corrections and layout editing. 3 of their phenolics and antioxidant potential (5) . On the other hand, concerns over the use of white hop shoots for culinary purposes have arisen, because people are not familiar with the pesticides used in hop fields. The main concern is a possible high content of heavy metals and potentially active compounds derived from the pesticides.
The aim of the present study was thus to determine the effects of weather conditions on the yield of white hop shoots collected from 2009 to 2011 early in the spring (i.e., before their emergence), for five hop cultivars: 'Aurora', 'Celeia', 'Dana', 'Hallerthaler (H.) Magnum' and 'Savinjski golding'.
White hop shoots collected from 2010 to 2012 were subjected to ethanol extraction to determine their total phenolics (TPH) and antioxidant potential. Samples of white hop shoots of cv. 'Dana' were also collected in 2010, along with some soil from the same hop-growing location, and these were analysed for the microelements copper and zinc, and for any potentially active compounds that might have arisen from the use of pesticides.
MATERIALS AND METHODS

Plant materials and collection
Details of the the origins, harvest times and brewing uses of the selected five hop cultivars are listed in Table 1 : cvs. 'Aurora', 'Celeia', 'Dana', 'H. Magnum' and 'Savinjski golding'. The white hop shoots were collected in the first half of April, just before their emergence, and before the regular agrotechnical pruning of the top of the root system. Initially, in 2009, the white hop shoots were dug out of the soil from around three plants for each of the five cultivars, and then in 2010 and 2011, the collection was from 15 to 20 plants for each cultivar. The plants were selected in one of a central row in each hop field, consecutively in a row. Marginal plants in the field were omitted. All of the hop fields were in their fully productive period over these years. The shoots of cv. 'Dana' in 2011 were also more developed by the collection date (16 April, 2011) , as they were a bit green at the top and coming out of the soil. We collected the shoots of cv. Dana as white shoots as well -we dug away the soil and cut the shoots from the root system (not as green shoots which are usually cut at the soil level) because in the lower part they were still white. Each plant root system had from 15 to 40 white shoots, with the mean fresh mass of each shoot of ~1 g. Immediately after the harvest, the white hop shoots of each plant were washed, dried on paper, and weighed, with a sample taken for moisture content. Then all of the samples within each cultivar were combined. Each annual sample per cultivar was divided into two halves: one half was Please note that this is an unedited version of the manuscript that has been accepted for publication. This version will undergo copyediting and typesetting before its final form for publication. We are providing this version as a service to our readers. The published version will differ from this one as a result of linguistic and technical corrections and layout editing. 4 processed through drying at 35 °C to 40 °C to constant mass; and the other half was frozen and stored in a freezer at -20 °C for later analysis. The collected samples from 2009 were used together with the samples from 2010 and 2011 for dry white hop shoots mass determination; and those from 2010, 2011 and 2012 for chemical analyses. In 2010, white hop shoots were also collected from the cv. 'Dana', to determine the contents of copper, zinc and active compounds of pesticides.
Table 1
Location characteristics and weather conditions
The four selected hop fields were located in Žalec, in Savinja Valley (Slovenia), a traditional hopgrowing region, on medium deep evtric brown soils on a sandy-gravel base. The upper soil layers were classified as the texture class clay loam to sandy clay loamy (i.e., medium to heavy soil). The selected hop fields were four, because two cultivars were grown in the same field (cv. Dana and cv.
H. Magnum).
In 2010, soil samples were collected from each of the hop fields (~0.5 kg at each hop field, taken at 20-25 places with the soil sampling probe to a depth of 0 to 25 cm, going zig-zag across each hop field). 0.5 kg (at each hop field) is a result of combining 20-25 (sub)samples of soil from each hop field. Soil sampling probe used was Auger for arable land, Ø 13 mm, operational length 25 cm, total length 58 cm, graduation 5 cm, totally zinc plated construction (Eijkelkamp Soil & Water, Giesbeek, The Netherlands). Soil samples were frozen, and stored in a freezer at -20 °C for further analysis of the chemical characteristics of the soil. Quantitative determination of soil texture -mechanical analysis was done according to the sedimentation method, pH, P2O5 and K2O were determined with the CAL method, magnesium with the CaCl2 method, and humus content with the ISO 14235 method (4) . The data from the initial analysis of the soil characteristics are given in Table 2 , along with the soil supply classes for the elements (from A, very low; to E, excessive). These data indicated well-supplied soils, where the phosphate (P2O5), potassium (K2O) and magnesium levels generally tended to be high (ranges: 24.1-40.2 mg/100 g; 28.0-34.8 mg/100 g; 15.8-39.3 mg/100 g, respectively). All of the hop fields had good humus content (overall mean, 3.0 %), with mean pH 6.8.
Table 2
The soil from the field from where the white hop shoots of cv. 'Dana' were grown was taken separately as described above, and analysed later for the microelements copper and zinc, and for pesticide residues, along with the respective hop shoots.
The weather conditions for the periods after the hop harvest of the previous years (beginning of September, approximately) to April 2009, 2010 and 2011 (month of the white hop shoot collection) Please note that this is an unedited version of the manuscript that has been accepted for publication. This version will undergo copyediting and typesetting before its final form for publication. We are providing this version as a service to our readers. The published version will differ from this one as a result of linguistic and technical corrections and layout editing. 
Chemicals
Folin-Ciocalteau reagent, chlorogenic acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH) were from Fluka (Buchs, Switzerland). Potassium hexacyanoferrate (II) was from Kemika (Zagreb, Croatia), and ferric chloride was from Carlo Erba (Cornaredo, Italy). All of the other chemicals and solvents were used as the analytical purity.
Moisture content
Fresh white hop shoots (from 2009-2011) were analysed for their moisture content according to the method SIST EN ISO 665:2001 (7). The samples (5 g for each cultivar) were weighed in an aluminium pan and dried at 102 °C to 104 °C for 3 h. The drying was repeated at least once, and until constant mass, with all samples analysed in parallel duplicates.
Extraction of phenolics
The frozen white hop shoot samples from all five of the cultivars from the years 2010, 2011 and 2012 were thawed at room temperature, shredded (5 g) into the extracting solvent (20 mL 96 % ethanol) Please note that this is an unedited version of the manuscript that has been accepted for publication. This version will undergo copyediting and typesetting before its final form for publication. We are providing this version as a service to our readers. The published version will differ from this one as a result of linguistic and technical corrections and layout editing. 6 and mixed at 60 °C for 24 h in a water bath (Kambič, Semič, Slovenia). Once cooled, the suspensions were centrifuged at 3600 g for 10 min (Centric 322B centrifuge; Tehtnica/Domel, Železniki, Slovenia), and these supernatants were collected and used for immediate determination of TPH (section Total phenolics). The rest of the supernatants were frozen to -20 °C and later used for the antioxidant potential assays. Each extraction was performed as two parallel samples for each cultivar.
Total phenolics
Total phenolics were determined by the method of (8) . A suitable volume of each extract was diluted with deionised water to 2.75 mL. Following dilution of the Folin-Ciocalteu reagent with deionized water (1:1), 0.5 mL of this was added to the diluted abstracts, and after exactly 5 min, 0.5 mL 20 % Na2CO3 was added. These samples were left for 90 min at room temperature, and then their absorbance was read against a blank (96 % ethanol) at 746 nm in a spectrophotometer (Hewlett Packard, HP DAD Uv/Vis 8453; Agilent, Santa Clara, CA, USA). All of the supernatants were analysed as three parallel batches, and TPH are expressed as chlorogenic acid equivalents (CAE; mg CAE/mL extract). For this purpose, a calibration curve was constructed in the range from 0 µg to 80 µg chlorogenic acid and dissolved in 96 % ethanol, which provided a linear correlation (y = 0.0181x) with a correlation coefficient of 0.996.
DPPH antioxidant potential
The scavenging assay 2,2-diphenyl-1-picrylhydrazyl radical, DPPH˙, was used to determine the antioxidative potential of the extracts obtained. DPPH is characterised as the stable free radical DPPH˙. When the violet-coloured solution of DPPH˙ is mixed with an antioxidant that can donate an electron or a hydrogen atom, this gives rise to the reduced form of DPPH˙, which is accompanied by a less violet colour. This reduction in DPPH˙ can be followed by monitoring the decrease in absorbance during the reaction (9) . The samples were prepared with 750 µL 96 % ethanol, 250 µL suitably diluted extract, and 250 µL 0.51 mM DPPH in 96 % ethanol. The control samples contained only 1 mL 96 % ethanol and 250 µL 0.51 mM DPPH in 96 % ethanol. Every sample was mixed well, and after 15 min the absorbance was read at 517 nm. The data are expressed as IC50 values, which are related to the amount of phenolics necessary to reduce the absorbance (A) by 50 %; i.e., ΔA/A = 50 %. These were calculated according to Equation (1):
where γP is the mass concentration of the phenolic compounds (mg CAE/mL), R is the dilution of the extract necessary for 50 % inhibition of DPPH˙, and Vsup is the volume of the supernatant from the sample (as indicated in the DPPH˙ scavenging activity assay).
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Ferric reducing antioxidant power
For the ferric reducing antioxidant power (FRAP) assay, the method of (10) was used. Here, 2.5 mL 50 mM phosphate buffer, pH 6.8, was pipetted into six test-tubes and from 0. (10), as calculated using Equation (2):
where γTPHf is the final TPH concentration, γTPHb is the TPH concentration at the beginning of the assay, Vsup is the volume of the supernatant of the tested extract, and R is the dilution factor.
Microelements and potentially active compounds from residues of pesticides
The frozen samples of the hop shoots of cv. 'Dana' and the soil from the same cultivation location that were collected in 2010 were later analysed for microelements (copper and zinc) and potentially active compounds, in terms of residues from pesticides. Both of these microelements were determined using method (11). The dithiocarbamates were determined using CS2, according to the EN 12396-2 method (12) , and the potentially active compounds as residues by gas chromatography with mass detection or liquid chromatography-tandem mass spectrometry. The analyses used are internal methods developed by and individual property of the National Laboratory for Health, Environment and Food, Maribor (Slovenia). The content of these microelements and the potentially active compounds as residues from pesticides were compared to data from the literature and according to those allowed by legislation.
Statistical analysis
The mass of the fresh white hop shoots was weighted per plant (replications) in each year for each cultivar (treatment), and samples for moisture detection were taken immediately to calculate dry Please note that this is an unedited version of the manuscript that has been accepted for publication. This version will undergo copyediting and typesetting before its final form for publication. We are providing this version as a service to our readers. The published version will differ from this one as a result of linguistic and technical corrections and layout editing.
8 matter yield. The results were processed with the Statgraphics Centurion XVI software (13) .
Differences among cultivars were detected using Duncan multiple tests (p = 0.05).
The white hop shoots were extracted in parallel as duplicates, and each extract from these two replicates was used for the TPH analysis as four dilutions, in parallel as triplicates, using the DPPH assay. Each extract was used as duplicates or triplicates in the FRAP assays. The means and standard deviations were calculated from these replicate data.
The experimental data on total phenolics and antioxidant potential, and ferric reducing antioxidant power were evaluated statistically using the SAS software version 8.01 (14) . The dry mass of the white hop shoots showed wide variability across the different cultivars for the period from 2009-2011 ( Table 3) . Significantly the lowest dry mass of white hop shoots showed variety 'Aurora' (3.1 g dm/plant), followed by variety 'Celeia' (5.6 g dm/plant) and variety 'H. Magnum' (5.9 g dm/plant). Significantly the highest dry mass of white hop shoots showed two varieties, 'Dana' (6.7 g dm/plant) and 'Savinjski golding' (7.1 g dm/plant). There were also significant differences in the highest dry mass of white hop shoots related to the investigated year. The lowest dry mass of the white hop shoots that was seen for 2011 corresponded to the early spring period, where there was Please note that this is an unedited version of the manuscript that has been accepted for publication. This version will undergo copyediting and typesetting before its final form for publication. We are providing this version as a service to our readers. The published version will differ from this one as a result of linguistic and technical corrections and layout editing.
9 the lowest precipitation prior to collection (Fig. 1) . Table 3) . Table 3 Total phenolics and antioxidant potential Total phenolics and the antioxidant potential according to the FRAP assay across the five cultivars and three years (2010-2012) are given in Table 4 . In these white hop shoots, TPH ranged from 0.576 mg CAE/g dm to 1.790 mg CAE/g dm. The levels were significantly affected by Cultivar (p <0.001), Year of production (p <0.016) and interaction of Cultivar × Year of production (p <0.001).
The highest TPH was seen for the extract from 'Dana' in 2010, and the lowest TPH for the extract Table 4 ).
Table 4
The antioxidant potential with DPPH assay of these white hop shoot extracts is expressed as the IC50. The higher the IC50, the lower is the radical scavenging potential ( Table 5 ). The radical scavenging potential varied significantly across the cultivars ( Table 5) ; however, the differences between the years did not reach significance (p >0.05). For these extracts across the cultivars, Please note that this is an unedited version of the manuscript that has been accepted for publication. This version will undergo copyediting and typesetting before its final form for publication. We are providing this version as a service to our readers. The published version will differ from this one as a result of linguistic and technical corrections and layout editing.
10 significantly lower radical scavenging potential were seen for 'H. Magnum' and the highest for the extract from 'Savinjski golding' and 'Dana'.
Table 5
Total phenolics, radical scavenging potential, and ferric reducing power are not always correlated. Correlation among these parameters depends on the structure of the individual phenolics, their redox potentials, and the assay conditions (e.g., solvent, pH) (15) . First, for the TPH determination, the Folin-Ciocalteu method was used. This method is based on reduction of the phosphomolybdates and phosphotungstic acid in the reagent with electrons from compounds with certain redox potentials in the extract. As well as the phenolics, other compounds can be extracted with ethanol (e.g., reducing carbohydrates), and their presence reflects in a higher TPH. Next, for the DPPH • radical scavenging potential, the ability to donate an electron and/or a hydrogen atom of the compounds is important, and this does not always correlate with the redox potential of the phenolics in the extract (15) . Some studies have suggested that the individual phenolics can have greater influence on the antioxidant potential than TPH, as reported by Abramovič et al. (15) and others.
In a recently published study where methanol extracts were prepared from young shoots of wild hop that were collected from four different locations in northern Italy, glycosides of two major flavonols were identified and quantified (5) . These authors analysed the levels of quercetin and kaempferol glycosides (mainly glucosides and galactosides), using HPLC-UV/DAD, where they reported the range for their combined total as 0.517 mg/g to 2.7 mg/g fresh mass (fm).
The present data for TPH and antioxidant potential of these hop shoots were also compared to those reported for some other vegetables ( Table 6 ). These data were mainly obtained from the phenol.explorer website (16) , and the data for hop leaves and hop cones come from our previously published study (1) . The comparisons among these hop samples revealed that white hop shoots are better antioxidants than hop cones and hop leaves. Across these studies, TPH varied not only according to the vegetable analysed, but also to the cultivar, pedoclimatic conditions, and time of year of the vegetable collection. Also of note, different studies have used different solvents for extraction of phenolics, and also for the same vegetable. These reports included 80 % (V/V) aqueous ethanol (17, 18) , acetone/ perchloric acid (80:20; V/V) (19) , and ethanol/ acetone/ water/ acetic acid (40:40:20:0.1 V/V) (20) , compared to the 96 % ethanol used in the present study. TPH are also expressed in different units, according to the standard compound used in the assay, although those given in Table 6 were all in mg gallic acid equivalents (GAE)/100 g fm. The antioxidant potential of different vegetables presented in Table 6 is also expressed in different units, and so the values are difficult to compare.
Table 6
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Copper, zinc, and active residuals from pesticides
One objection against using hop shoots for culinary purposes is a belief that they might contain heavy metals and residues of pesticides as a consequence of pesticides used on hop-growing locations from previous years. For this purpose, in the spring of 2010, both the white hop shoots of cv. 'Dana' and the soil where they were grown were collected. These white hops had the highest TPH and the lowest IC50 (i.e., the highest antioxidant potential).
The 'Dana' white hop shoots analysed in the present study contained only 2.3 mg copper/kg fm. There is no specific low copper threshold described in the literature for hop shoots. On the other hand, the mean copper content of other plant tissues is 10 mg/kg dm (21) .
However, the samples of the soil collected from the same 'Dana' hop-growing location in 2010 contained 100 mg copper/kg dm (see Supplementary Table S1 ). This value just reaches the warning value for soil according to legislation (22). Therefore, the copper content determined can be is allowed to be applied in hop-growing locations, with spraying limited to twice per annum. For the last two decades, for hop protection the majority of copper fungicides have been used against Please note that this is an unedited version of the manuscript that has been accepted for publication. This version will undergo copyediting and typesetting before its final form for publication. We are providing this version as a service to our readers. The published version will differ from this one as a result of linguistic and technical corrections and layout editing.
12 secondary infections of downy mildew, as based on copper hydroxide and copper oxychloride, for which the withholding period is 14 days.
Although the copper content in the soil from the 'Dana' hop-growing location reached the warning limit, the white hop shoots that grew in this soil remained very low for their copper content (i.e., 2.3 mg copper/kg fm). These white hop shoots grow very fast from the root system in spring, and thus it appears that they do not accumulate either copper or zinc. In addition, they are harvested early in spring, before any PPPs are used.
According to Bergmann (25), plants contain between 25 mg of zinc/kg fm and 150 mg of zinc/kg fm. These white hop shoots of cv. 'Dana' had much less zinc (4 mg/kg fm), while the soil from the same hop field had 180 mg zinc/kg dm, which is also below the limit of 200 mg/kg dm soil.
In Slovenia, less than 20 active ingredients are allowed to be used in hop production (26).
However, for the analysis of potentially active ingredients in the soil and hop shoots that might represent residuals from pesticides or be considered as residues from their use in previous years, we analysed the full list of 182 compounds; these data are given in Supplementary Table S2 . These compounds were all defined as below the limits of detection (which for the majority is <0.02 mg/kg) for both the white hop shoots (182 compounds) and the soil samples (180 compounds), except for imidacloprid in soil (which was also very low i.e., 0.024 mg/kg, and only just above the limit of detection). These data are in agreement with those of (24), who reported some residues of PPPs only a few samples of soil, and even then only at low concentrations (up to 0.008 mg/kg), with no active ingredients reported for the groundwater as residues of pesticides coming from hop-growing. The compounds that were detected in the present study for the white hop shoots but not for the soil were dithiocarbamates and malaoxon.
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CONCLUSIONS
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20 Table 6 . Total phenolics and antioxidant potential of hop shoots in comparison with some other raw vegetables.
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